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(54) Process for producing D-glucuronolactone 



(57) Trehalose is oxidized to give oxidized trehalose 
which then is hydrolyzed to produce D-glucuronolac- 
tone which is thereafter recovered to realize high-yield 
and low-cost production of D-glucuronolactone. 
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ontang Power foams in the process of pZZiwlZ^e^?^"* 3 * ** nifr0 9 en having no 

and eventually lower the yieki of D^cu^^^i^^J^^^ * * homo 9 eneo "s oxidizing reaction 
s.on of the reaction mixture and hence required Ta ZS^Sh^^T 9 m ° n ° Xide a cubi ° •» 

curonolactone are described in Japanese Patent SS^in m CapaC " y ^ methods for producing dW 

sotved the probtem of foaming riSZZZSL 2?SS otTer Snf! ^ "* 5882/1968 ^ ^s ^ 
of D-glucuronolactone which is only about 10 - 15% a " d ' "° ,mprovement n ^ been made in the yield 

Japanese Patent Publication No 7325/KifiQH- i 
protecting glucose in C-1 position, oxidizing Z c^SZ Zt^ZTT^ D ^ on <**<*™ by the steps of 
glucose. However, the yield of D-glucuronolactone rTn I s ^ se( ' uerrt| y hydrolyz.ng (deprotecting) the oxfcfizied 
-n addition, the overaJ. produrfionVSst " ^ * ** ^ is sti " low «*■" » - 20%)arS 

Th.s object of the invention can be attained bv a or™ ^ 81 * ,mplemented on a" industrial scale, 
oxidizing trehaiose. then hydrolyzing theS^treKsft^ SK? 8 ^ «one comprising the steps of 
sequence of reactions that take place in the noc~TZl D-glucuronolactone and recovering the same The 

below by Scheme 1 (provided ^Z£ZS£ZL ^TZ^ZS**** D **™^ * ^ 
Schema ] 
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Trehalose (chemical formula - r u r\ . 
achai^^^^ 

halose .somers exist, a, a-trehalose, a. p-trehalose anS 6 rTISC? ^ * m0de °' 9,ucoside bondin 9- i" three tre- 
used ,n the invention are not limited in any parf cufar Z Th ' *f , !, ^ a " d ° ri9in of the ^^lose to be 
na. fungi, algae or insects or it may be obX£ I^S^^S^ ™* be «• from bade! 

maltose phosphorylase and trehalose phosphorylaTe^ £S2£f T ° f 3 COmp,ex enz y me ^tern consisting of 
with a maltose-trehalose converting enzyme* Sal fiES?* < ° S6 may be conver "* to trehalose 

the v,ewpoint of economy which requires ^ZSSS^SS^* S"? ™ V be enzymaticalhy S 
^"nerthethitforfour^ 

•s des,rably used as the starting trehalose * m6,h0d t0 produce trehal0! * of a higher purity and this 
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A preferred method of producing trehalose may proceed as follows. Starch is gelatinized and liquefied with an acid 
and/or a-amylase to produce a partial hydrolyzate of reducing starch comprising a malto-oligosaccharide in which the 
degree of polymerization of glucose is 3 or more, as exemplified by maltotriose. maltotetrose, maltopentose, and mal- 
tohexose; then the nonreducing,saccharrde_generati 

5 143876/1995, 322883/1985, 66188/1996 and 84588/1996 is allowed to act on the starch hydrolyzate to convert it to a 
nonreducing saccharide having a terminal trehalose structure; subsequently, the trehalose liberating enzyme disclosed 
in Japanese Patent Disclosure Nos. 298880/1995. 213283/1995 and 66187/1996 and in the specification of Japanese 
Patent Application No. 189760/1995 is allowed to act on the resulting nonreducing saccharide so that trehalose is lib- 
erated from the latter. The nonreducing saccharide generating enzyme and the trehalose liberating enzyme may be 

w allowed to act, either simultaneously or consecutively, on the nonreducing saccharide. The trehalose content of the 
product is further enhanced by using the two enzymes in combination with a starch debranching enzyme such as iso- 
amylase or pullulanase. In order to effect direct conversion of maltose to trehalose, the maltose-trehalose converting 
enzyme disclosed in Japanese Patent Public Disclosure Nos. 170977/1995, 263/1996, the specification of Japanese 
Patent Application No. 187901/1994 and Japanese Patent Public Disclosure No. 149980/1996 may be allowed to act 

15 on either maltose or a sugar composition containing maltose. If trehalose of a higher purity is required, the product of 
the above-described process may be subjected to column chromatography using a salt-form strong cationic exchange- 
resin in a fixed bed, a moving bed or a pseudo-moving bed so as to recover fractions of high trehalose content. The thus 
obtained product and fractions contain at least 70% of trehalose in the solids and are suitable for use as a raw material 
for the production of D-glucuronolactone. 

20 To be oxidized, trehalose is dissolved in a suitable solvent, for example, at least one solvent selected from among 
water and straight-chain or branched lower alcohols such as methanol, ethanol, butanol and isopropyl alcohol and, 
thereafter, at least one known oxidizer selected from among inorganic nitrogen compounds such as nitric acid, nitrous 
acid and salts thereof, metal compounds such as manganese, chromium and lead compounds, halogens, inorganic hal- 
ogen compounds, oxygen species such as air. oxygen and ozone, peroxides such as peroxonic acid, and organic com- 

25 pounds such as nitrobenzene, is added to oxidize the trehalose. Trehalose oxidation can advantageously be performed 
in the presence of an oxidizing catalyst such as platinum oxide, platinum on carbon, vanadium oxide or palladium on 
carbon, which are used to accelerate the oxidizing reaction, Trehalose can also be oxidized by electrooxidation or 
microbial oxidative fermentation. From an industrial viewpoint, namely, if the ease of handling and the yield of oxidized 
trehalose are taken into account, water can advantageously be used as the solvent, oxygen, ozone or air as the oxi- 

30 dizer, and platinum oxide or platinum on carbon as the oxidizing catalyst. 

The oxidation reaction temperature should be high enough to allow for the progress of the reaction but insufficient 
to decompose trehalose, oxidized trehalose and D-glucuronolactone; typically, the oxidation reaction temperature is 
selected from the range of ca. 0 - 200°C, preferably ca. about 20 - 150°C, more preferably ca. 40 - 130°C, most prefer- 
ably ca. 60 - 100°C. The time of oxidation reaction depends on the oxidizer used and the temperature and it is typically 

35 in the range of ca. 1 - 1 50 h, preferably ca. 5 - 80 h, more preferably ca. 10 - 30 h. 

The oxidation reaction is preferably performed with pH adjustment, which is effectively done with pH typically in the 
range of 5 - 10, preferably 6 - 9. more preferably 7 - 8. Any bases that will not Interfere with the reaction may be used 
for pH adjustment. Examples that may be used include sodium hydroxide, potassium hydroxide, calcium hydroxide, 
sodium carbonate, potassium carbonate, calcium carbonate, sodium hydrogendcarbonate, potassium hydrogencar- 

40 bonate, magnesium hydroxide, ferrous hydroxide, ammonia, and alkylamines (e.g. trimethylamine, triehylamine, 
dimethylamine, diethylamine, monomethylamine, monoethylamine and so forth), 

From an industrial viewpoint, sodium hydroxide, potassium hydroxide, calcium hydroxide, sodium carbonate, potas- 
sium carbonate, calcium carbonate, sodium hydrogencarbonate and potassium hydrogencarbonate are preferably 
used. 

45 According to the oxidation reaction just described above, oxidized trehalose can be produced in high yields of at 
least 95% relative to the trehalose used as the raw material. 

Hydrolysis of the oxidized trehalose can be easily accomplished by reacting it with one or more hydrolyzers 
selected from among acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and tosic acid in one or 
more solvents selected from among water and straight-chain or branched lower alcohols such as methanol, ethanol, 

so butanol and ispropyl alcohol. Other methods of hydrolysis include the use of hydrolases. The temperature during hydrol- 
ysis which depends on the hydrolase used is selected from the range of ca. 0 - 200°C, preferably ca. 20 - 150°C, more 
preferably ca. 40 - 130°C, most preferably ca. 60 - 100*0. The time of hydrolysis is typically selected from the range of 
ca. 1 - 150 h, preferably ca. 5 - 80 h, more preferably ca. 5 - 10 h. Depending on their type, hydrolases are geverally 
allowed to act for Ca. 1 - 150 h. preferably ca. 5 - 100 h, more preferably ca. 10 - 48 h. The thus obtained reaction prod- 

55 uct which contains D-glucuronolatone can typically be used as such after the unreacted reagents and/or the solvents 
are separated by filtration, extraction, solid-liquid separation, fractional precipitation, dialysis distillation, and so forth. If 
D-glucuronolactone of higher purity is required, techniques commonly used in the art for purifying sugars or sugar deriv- 
atives may be applied as exemplified by thin-layer chromatography, column chromatography, ion-exchange chromatog- 
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Example 1- Production of n-olumrnn,^,^ 
20 Example 1 ~ 1 ' Preoaratinn nf ^ H ized trAhfllneQ 



25 



30 



35 



agrtation a reaction was performed for 24 ESSE vSn if ^l™* 1 "" 6 "« ,Uxed al ««> with 

ture was neutralized with sodium bicarbonate a* SSS ^novTE n12 * ° f * e r6aCtion - 1,16 reactol 
d.st,lled off under vacuum to give 315 g of a Sy7w^T? n T P '* ,nU ™ °" «*on: thereafter, the solvent was 
reveated that the product contained a 1*S5S5K!SS^ *'^h*h^rf6rn^ liquid chromatography 
96.0% relative to the starting trehalose. 9'ucuron.c aod sod.um salt (oxidized trehalose) in a yield of 

Eximpje , 1-g: toduejigr, of D^lucuronoiaotone fron LgadJzMtrer^ 

cone, sulfuric acid, the mixture was ref luxed at 80™C S?Si? condenser. After addition of 1 . 18 g (1 1 .6 mmoQ of 

itr? on - *• inso,ubies in rss ^ss^js^r^ for 6 h ^ *• «2 

packed w.th an ion-exchange resin. The solvent was diS. 1 * * e flltrate "** d eionized using a column 

ysis by high-performance liquid chnmlESTKS El L"? ^~ CUUm * lWd 518 mg 0f a **» ^tal. AnT 
m a yield of 35.0% relative to the starftntSKst Pr0dUCt C ° ntained 2 91 mmo1 °* D-glucuronolacto^e 
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a reacfton was performed for 24 h under bubbling "to o^ Z^T W9S ref ' UXed at ^ Ration, 

neutrahzed wrth sodium bicarbonate and f itered te^SSfK S^Z Tt "£* reac,ion mixture was 

under vacuum to give 5.22 g of a pale yellow p^TZtltT^ the SO,vent was d ^»'ed off 

that the product contained a-D-glucuronyl-6-D^ron^ 2S 15 h '9h-performance liquid chromatography revealed 
at,ve to the starting trehalose. * glucuronic acd sod.um salt (oxidized trehalose) in a yield of 95.5% r™ 

Exa mple 2-?- Pr^o j ^^ irfmo{ ^ lrom Q ^ 
intoa^rg^ea^ 
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ysis by high-performance liquid chromatography showed that the product contained 3.08 mmol of D-g!ucuronolactone 
in a yield of 37.0% relative to the starting trehalose. 



Example 3: ProduGtio^of-D^lucuronolactone 

5 

Example 3-1 : Preparation of oxidized trehalose 

A specified amount (4.99 g, 13.2 mmol) of p.p-trehalose, 3.0 g of 5% platinum on carbon and 100 ml of water were 
charged into a 200-ml glass reactor equipped with a thermometer and a reflux condenser. As the mixture was refluxed 
w at 70°C with agitation, a reaction was performed for 24 h under bubbling with air. After the end of the reaction, the reac- 
tion mixture was neutralized with sodium bicarbonate and filtered to remove the platinum on carbon; thereafter, the sol- 
vent was distilled off under vacuum to give 5.29 g of a pale yellow powder. Analysis by high-performance 
chromatography revealed that the product contained p-D-glucuronyl-p-D-glucuronic acid sodium salt (oxidized treha- 
lose) in a yield of 97.5% relative to the starting trehalose. 

15 

Example 3-2: Production of D-alucuronolactone fr om oxidized trehalose 



A portion (1.48 g, 3.57 mmol) of the oxidized trehalose prepared in Example 3-1 and 20 ml of water ware charged 
into a 50-ml glass reactor equipped with a thermometer and are a reflux condenser. After addition of 2.64 g (2.69 mmol) 
20 of cone, hydrochloric acid, the mixture was refluxed at 100°C with agitation while the reaction progressed for 6 h. After 
the end of the reaction, the insolubles in the reaction mixture were filtered off and the filtrate was deionized using a col- 
umn packed with an ion-exchange resin. The solvent was distilled off under vacuum to yield 548 mg of a white crystal. 
Analysis by high-performance liquid chromatography showed that the product contained 3.08 mmol of D-glucuronolac- 
tone in a yield of 37.0% relative to the starting trehalose. 

25 

Example 4: Production of D-alucuronolactone 
Example 4-1 : Preparation of oxidized trehalose 

so Hydrous crystals of high-purity a.a-trehalose (2.50 g, 6.6 mmol), vanadium oxide (0.5 g) and ethanol (50 ml) were 
charged into a 100-ml glass reactor equipped with a thermometer and a reflux condenser. As the mixture was refluxed 
at 40°C with agitation, a reaction was performed for 48 h under bubbling with air. After the end of the reaction, the reac- 
tion mixture was neutralized with sodium bicarbonate and filtered to remove the vanadium oxide; thereafter, the solvent 
was distilled off under vacuum to give 2.61 g of a pale yellow powder. Analysis by high-performance chromatography 

35 revealed that the product contained <x-D-glucuronyl-a-D-glucuronio acid sodium salt (oxidized trehalose) in a yield of 
97.0% relative to the starting trehalose. 



Example 4-2: Production of D-alucuronolactone from oxidized trehalose 



40 A portion (1.48 g. 3.57 mmol) of the oxidized trehalose prepared in Example 4-1 and 20 ml of water were charged 
( ) into a 50-ml glass reactor equipped with a thermometer and a reflux condenser. After addition of 2.64 g (2.69 mmol) of 

cone, hydrochloric acid, the mixture was refluxed at 90°C with agitation while the reaction progressed for 1 0 h. After the 
end of the reaction, the insolubles in the reaction mixture were filtered off and the filtrate was deionized using a column 
packed with an ion-exchange resin. The solvent wag distilled off under vacuum to yield 603 mg of a white crystal. Anal- 

45 ysis by high-performance chromatography showed that the product contained 3.39 mmol of D-glucuronolactone in a 
yield of 44.0% relative to the starting trehalose. 

As described on the foregoing pages, the present invention not only improves the yield off D-glucuronolactone; it 
also eliminates foaming from the process of production of D-glucuronolactone and, hence the throughput of D-glu- 
curonolactone per batch is remarkably increased to achieve a significatn improvement in reactor's efficiency. Therefore, 

so one may well say that the process of the invention for producing D-glucuronolactone is an industrially superior approach 
that features a by far higher efficiency in the production of D-glucuronolactone than the currently practiced processes. 

Claims 

55 1 . A process for producing D-glucuronolactone comprising the steps of oxidizing trehalose, then hydrolyzing the oxi- 
dized trehalose to form D-glucuronolactone and recovering the same. 



2. The process according to Claim 1, wherein the trehalose is prepared by allowing an enzyme to act on a partial 
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hydrolyzate of starch and/or maltose. 
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(54) Process for producing D-glucuronolactone 

(57) Trehalose is oxidized to give oxidized trehalose 
which then is hydrolyzed to produce D-glucuronolac- 
tone which is thereafter recovered to realize high-yield 
and low-cost production of D-glucuronolactone. 
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